Although acute management of pelvic fractures and their long-term functional outcome have been widely documented, important information regarding malunion and nonunion of these fractures is sparse. Despite their relative rarity, malunions and nonunions cause disabling symptoms and have major socioeconomic implications. We analyzed the factors predisposing a pelvic injury to develop malunion/nonunion, the clinical presentation of these complications, and the efficacy of the reported operative protocols in 437 malunions/nonunions of 25 clinical studies. Treatment of these demanding complications appeared effective in the majority of the cases: overall union rates averaged 86.1%, pain relief as much as 93%, patient satisfaction 79%, and return to a preinjury level of activities 50%. Nevertheless, the patient should be informed about the incidence of perioperative complications, including neurologic injury (5.
Introduction
Acute pelvic fractures are usually the result of high-energy trauma. They are lethal in 3% to 30% of cases and are associated with a high incidence of concomitant morbidity [3, 13, 15, 21, 27, 48, 52] . During the past decade, with enhanced understanding of the physiologic response to trauma and advances made in diagnostics, critical care medicine, and acute trauma management [5, 23, 26, 57] , an increased number (81%-90%) of injured patients with severe pelvic injuries survive [26, 29, 58] . The potential associated chronic complications in this special group of injuries should not be neglected because they could lead to serious consequences, including chronic debilitating pain, gait impairment, impotence, and incontinence [34, 44, 49, 64, 65] .
Stable pelvic injuries rarely result in major long-term problems [8, 21] because their initial treatment is mostly straightforward and their recovery uneventful and complete [49, 53] . In contrast, patients with unstable pelvic ring disruptions are considerably more challenging to treat, and limited ambulation and incomplete recovery reportedly range from 25% to 73% [35, 44, 49, 53, 64, 65, 70] .
Functional outcome after these unstable pelvic fractures is affected by the presence of the other associated musculoskeletal, visceral, and nerve injuries that usually accompany severe pelvic trauma [28, 38, 55, 66] . Furthermore, the outcome also is affected by development of malunion or nonunion of the pelvic ring resulting from initial suboptimal reduction, insufficient fixation methods, and other local and systemic factors, resulting in chronic residual pain, deformity, and progressive functional disability [34, 36, 49] .
Treatment and salvage alternatives for malunited or nonunited pelvic fractures usually are the domain of tertiary referral centers owing to the complexity of these cases and the surgical expertise needed for a successful result [14, 20] . Whereas initial treatment of pelvic fractures and their longterm outcomes have been well reported [14, 49, 56] , the literature regarding treatment of pelvic malunions and nonunions is sparse. With the increased incidence of major vehicular injuries and resulting severe pelvic trauma [2, 45] and the unremitting contemporary demand for restoration of function [49] , aspects of management and overall outcome of pelvic fracture malunions/nonunions are of considerable interest, not only for pelvic specialists, but also for the wider orthopaedic and rehabilitation scientific community.
We therefore performed a systematic review of the literature to investigate the existing evidence regarding the (1) characteristics of the original pelvic injury and its initial management that predispose to the development of these complications, (2) clinical manifestation of pelvic malunions/nonunions, (3) treatment alternatives of pelvic malunions/nonunions, and (4) last outcome of these late complications of pelvic fractures.
Materials and Methods
We performed a systematic review of the literature to identify all publications dealing with management of pelvic malunion and nonunion. An electronic search of the MEDLINE and EMBASE databases (from January 1965 to November 2008) was conducted, entering the following terms and Boolean operators: ''pelvis'' OR ''pelvic'', AND ''fracture'', AND ''malunion'', OR ''nonunion'', OR ''nonunion''. Only papers in English or German were included. Articles were considered eligible if they met the following inclusion criteria: (1) the target population consisted of patients with malunion and/or nonunion of pelvic fractures;
(2) each study described the treatment method of these complications; and (3) the outcome of the treated malunion and/or nonunion was described adequately. Case reports were included so that all the related published series would be presented in this review. Review papers, expert opinion articles, editorials, letters to the editor, publications on congress proceedings, manuscripts with incomplete documentation of the deformity, details of the applied treatment, or final results and outcome, or unpublished series were excluded (Fig. 1 ).
The quality of the reviewed manuscripts was evaluated by two assessors (NKK, VSN). They independently classified the reviewed studies for the level of evidence [7, 60] ( Table 1 ). The interrater agreement regarding the quality and level of evidence of the reviewed studies between the two assessors was high (kappa, 0.829) [9] .
Data extracted from these articles were further analyzed for: (1) the initial type of injury and method of original management to identify predisposing factors for development of these complications; (2) the clinical manifestation of these complications of pelvic trauma; (3) the therapeutic approach that was used; and (4) the final outcome (early and late postoperative complications and final functional results).
Of 172 papers initially selected based on the search strategy of this study, 25 met the inclusion criteria [1, 4, 6, 11, 12, 16-19, 25, 31, 32, 39, 40, 42, 43, 46, 47, 50, 51, 59, 61, 67-69] . The level of evidence of these studies was IV (retrospective/prospective uncontrolled case series [12, 16, 25, 39, 42, 43, 47, 51, 59, 67] or case reports [1, 4, 6, 11, 17-19, 31, 32, 40, 46, 50, 61, 68, 69] ). Four hundred thirtyseven patients were included for the final analysis (Table 1) . Solely malunions were recorded in 113 patients [19, 39, 40, 42, 46, 47, 59, 68] and solely nonunions in 198 patients [1, 4, 6, 11, 12, 16-19, 25, 31, 32, 39, 40, 42, 43, 46, 47, 50, 51, 61, 67-69] . Mears and Velyvis [42] introduced the rationale of classifying late complications of pelvic trauma separately. According to their concept, we classified complications of all reviewed patients as Type I, clear nonunions; Type II, united malalignments or clear malunions; Type III, ununited malalignments; and Type IV, partially united malalignments ( Table 2) .
Results

Predisposing Factors for Development of Malunion/ Nonunion
The most common mechanism of injury was motor vehicle accidents (MVAs) with an incidence of 51.3% (219 of 427 patients) ( Table 2) . From the eight studies [1, 4, 11, 16, 42, 59, 67, 68] (245 patients) that used the Tile and Pennal classification system [63] , 88.1% (200) of the patients had initially Type C pelvic fractures. In the 13 studies [1, 11, 17-19, 25, 31, 32, 40, 46, 47, 51, 69] (111 patients) in which the Young and Burgess system [10] was used, vertical shear was the most common mechanism of injury (44.1%, 49 patients).
Nonoperative treatment (bed rest, traction, or pelvic sling) was by far the most common initial treatment modality that led to malalignment, delayed union, or established nonunion [1, 4, 11, 16-19, 25, 31, 39, 40, 42, 43, 46, 47, 50, 51, 59, 67, 69] . In the large series of Mears and Velyvis [42] , nonoperative treatment and external fixation were described together in 166 patients. External fixation was used and led to malunion/nonunions in another 24 patients described in four other studies [39, 47, 59, 67, 68] . Overall, 341 of 437 (78.9%) malunion/nonunions of the pelvic girdle were treated initially either nonoperatively or just by external fixation systems.
Clinical Manifestations of Pelvic Malunion/Nonunions
Pain was by far the major recorded symptom in all the reviewed studies with an incidence of 97%. It was recorded as anterior, posterior, or simultaneously at both areas, nonradicular, activity-related, or disabling at various levels (from restricting pain at the extremes of the range of motion of the hips [4] , sitting discomfort [39, 42, 47, 51, 69] , dyspareunia, and sexual problems of mechanical origin [1, 19, 25, 42, 59] to bed confinement for patients with continuous debilitating pain [18, 25, 42, 43, 47, 51] ). Nonunions of the anterior elements could be pain-free [4, 31, 50] in contrast to those of the posterior elements in which they were mostly symptomatic [39, 42, 51] . Pain was attributed to the nonunion site, the produced pelvic instability, the deformity, and the altered mechanics in REFERENCE DATABASES (used Keywords on 10-Dec-2008) "pelvis" OR "pelvic" "pelvis" OR "pelvic" AND "fracture" AND "malunion" AND "fracture" AND "nonunion" OR "non-union" [1, 4, 6, 11, 12, 16-19, 25, 31, 32, 39, 40, 42, 43, 46, 47, 50, 51, 59, 61, 67-69] [1, 6, 11, 12, 16-19, 25, 33, 40, 42, 44, 45, 48, 62, 68-70] [4, 6, 12, 16, 18, 19, 25, 31, 33, 40, 41, 43, 44, 47, 48, 51, 52, 60, 62, 69] 25 Fig. 1 A flowchart illustrates our study selection process. patients with malunion, or to a combination of all of these. Pain related to neurologic trauma at the initial accident was differentiated as a symptom and was not expected to recover after revision surgery for pelvic nonunion/malunion [39, 42, 47] .
Gait disturbance (antalgic gait, Trendelenburg) and use of walking aids affected 67.4% of the patients [1, 4, 11, 16-18, 25, 40, 42, 43, 47, 51, 59, 61, 67-69] . Clinically important leg length discrepancy was identified in 24.8% of patients [17, 40, 42, 47, 59, 68] . However, clinically important leg length discrepancy was defined differently in the different studies (eg, length difference [ 1 cm [47] and [ 2 cm [59] ), which compromises the compatibility of the reported percentages.
Clinically or radiographically evident pelvic instability (by stress views) was described in 60.3% of patients with nonunions [25, 42, 43, 47, 51] . Pelvic deformity was identified in 31.7% [39, 42, 47, 51] . Deformity was described as an aesthetic problem or as causing imbalance of the ischial tuberosities, especially during sitting. Vertical displacement (in 16%) or sagittal malrotation (in 18%) of the affected hemipelves was differentiated in the series of Mears and Velyvis [42] as different forms of pelvic asymmetry, both major causes of pain and discomfort with sitting.
Treatment Alternatives of Established Pelvic Malunion/Nonunions
The time that elapsed between the initial injury and surgical treatment of the deformity/instability was, on average, 26 months (range, 10 weeks to 15 years) for the 396 patients of the 21 studies with full data [1, 4, 6, 11, 16-19, 25, 31, 32, 39, 40, 42, 47, 50, 51, 59, 61, 67, 69] ( Table 3) .
All but 27 (6.3%) of the reviewed patients underwent surgery for an established deformity/instability [31, 50, 51] . Nonoperative treatment of pelvic nonunions included spica casts, bed rest, and restricted mobilization, but these were reported only in literature from more than 25 years ago [31, 50, 51] . Oransky and Tortora [47] MVA (44) LC (7) Nonoperative (38) Type I (11) Fall (7) APC (11) Ex-Fix (15) Type II (44) Work-related (5) VS (32) ORIF (2) CMI (5) Oakley et al. [46] Postgrafting (1) APC (1) Nonoperative (1) Type III (1) Matta and Yerasimides [40] MVA (1) APC (1) ORIF (1) Type III (1) Giannoudis et al. [25] MVA (3) LC (3) Nonoperative (1) Type I (9) Fall (1) APC (1) Ex-Fix (2) Pathologic fracture (1) Osteitis pubis (4) ORIF (6) Others (4) Septic sacroileitis (1) Delloye et al. [12] Others ( (18) Fall (2) Ex-Fix (3) Type III (19) Postgrafting (1) ORIF (7) Others ( The combination of open reduction-internal fixation and bone grafting was the preferred method for treatment of pelvic malunion/nonunion for the majority of the cases (288 patients, 67.3%). In two patients with nonunion (0.5%), solely bone grafting was used [51] , whereas in 96 patients with malunion (22.4%), bone grafting did not supplement the fixation [4, 6, 17, 39, 43] . External fixation together with bone grafting was the preferred treatment in 14 patients (33.3%) in the early series of Pennal and Massiah [51] .
In the majority of patients, the graft was autologous cancellous bone harvested from the pelvis (283 patients, 87.6%). In 19 (5.2%), allografts [12, 25, 43, 46] or different bone substitutes (either demineralized bone matrix [46] or bone morphogenetic protein-7 [25] ) were used.
A multistage procedure consisting of two or three stages (same anesthesia) was used in the majority of the patients (275 patients in nine studies [16, 25, 39, 40, 42, 46, 47, 59, 68] ). This approach was described initially in 1996 [39] as an initial anterior approach with the patient supine, then turned prone for a posterior approach, and finally supine for a repeat anterior approach and final stabilization of the pelvic girdle, or alternatively first prone, then supine, and finally prone. After each stage, the wound was closed and the first wound was reopened for the third stage. The first stage was to mobilize either anterior or posterior injuries by osteotomy of malunions or mobilizing nonunions. The patient then was repositioned for completion of the pelvic ring osteotomy and mobilization of the elements to achieve the most possible anatomic reduction; and at the third stage, the reduction and fixation were completed. The three-stage reconstruction allows the maximum degree of deformity reduction, nonunion débridement, and stable fixation.
Standard surgical approaches of the pelvis (anteriorposterior approaches to sacroiliac joint, ilioinguinal, Pfannestiel) were used in all cases, depending on the individual site of the established nonunion or malunion that needed surgical intervention.
Perioperative monitoring with somatosensory evoked potential (SSEP) was used after 1986 in the large series of Mears and Velyvis [42] and in the case reports of Vanderschot et al. [68] and Frigon and Dickson [19] .
Operative time was recorded in six studies [4, 6, 39, 47, 59, 68] referring to 106 patients and was, on average, 6.14 hours (range, 1.1-10.4 hours). The total amount of intraoperative blood loss ranged between 12 and 7200 mL (average, 1193 mL). The average followup in all series was 80.9 months (range, 3 months-20 years; median, 104 months).
Fifteen of the 25 reviewed studies described the postoperative mobilization scheme [1, 4, 6, 12, 18, 25, 32, 39, 40, 43, 59, 61, 68, 69] . All authors, except Huegli et al. [32] , recommended an initial period of restricted weightbearing. This ranged from complete immobilization in a cast in the early series [18] to nonweightbearing for 6 weeks [59, 69] , 2 months [12, 25] , or 3 months [1, 6, 68] or bed-to-chair mobilization and toe-touch weightbearing for either 6 weeks [4, 40, 43] or 3 to 5 months [61] .
Outcome
Complications related to operative treatment in the reviewed series were recorded in 57 patients of a total of 378 pelvic malunions/nonunions [1, 4, 6, 11, 12, 17, 19, 25, 32, 39, 40, 42, 43, 46, 47, 59, 61, [67] [68] [69] (Table 4 ). The most often cited complication was a neurologic deficit (20 cases, 35.1% of all complications, with an incidence of 5.3%). The neurologic deficits varied between permanent or temporary palsy of the sciatic nerve, injury to the lumbosacral plexus, and injury to the superior gluteal nerve, and some were missed intraoperatively despite SSEP being performed in at least one case [39] . Deep vein thrombosis Fall (9) APC (7) Work-related (22) VS (17) Miscellaneous (3) Elton [18] MVA (1) APC (1) Nonoperative ( was documented in 5%, pulmonary embolism in 1.9%, deep infection in 1.6%, intraoperative bladder injuries in 0.8%, and vascular injuries in 0.5%. Recovery of the 437 reviewed patients varied from excellent to very poor. The description and the studied parameters also varied among the different studies. ''Good'' or ''very good'' results were recorded in 79.4% of the patients, whereas 15.4% had a ''poor'' outcome. The success of the attempted reduction was recorded in just three studies [39, 42, 59] . Overall satisfactory reduction (\ 1 cm displacement and/or \ 15°residual rotational deformity) was reported in 85% of these patients (192 of 249). The worst results were recorded for the partially united pelvic deformities (just 65% with satisfactory reduction) in comparison to the other types of malunion/ nonunions [42] . The most noteworthy difficulty was reduction of cranial displacement of the hemipelvis, whereas posterior pelvic prominence mostly was corrected anatomically [42, 59] . Overall, the activity level and walking ability of the patients improved postsurgery. The functional outcome in these series of patients reached the preinjury level in 55.9% overall. Chronic pain attributed to the pelvis, after the therapeutic attempts on the malunion/ nonunion sites, was present at the last followup in 7.4% overall. Implant loosening and breakage occurred in 13 cases (3.1%), whereas 25 patients (6.0) required one to three reoperation(s) before achieving a satisfactory final result.
Discussion
The increasing survival rates of patients with severe pelvic trauma dictate a clear understanding of acute management and potential late complications of the trauma. Although symptomatic posttraumatic pelvic nonunion and malalignment are uncommon, their presence typically contributes to a poor functional outcome [49] . The predisposing factors related to the original pelvic injury, clinical presentation, results of operative treatment, and final outcome of these late complications of pelvic fractures represent basic questions of contemporary orthopaedic pelvic trauma; we therefore performed a systematic review of the literature to investigate the existing evidence regarding these questions.
The existing evidence of the English and German literature for management of these late complications of pelvic trauma was inadequate, especially its quality [7] . The nature of the collected information (nonexistent controlled studies or randomized trials) and existing discrepancies did not allow for a comparative statistical analysis of the data. Thus, our review can offer only descriptive information regarding the causative factors, Table 4 . management strategies, and outcome of pelvic malunions/ nonunions. It was not possible to answer questions regarding the incidence of nonunions/malunions between the different methods of contemporary pelvic fracture fixation, the influence of associated parameters such as additional trauma and mobilization regimes, and the comparative outcome of different methods of pelvic nonunion/ malunion management. Nonunions are reported more frequently and disproportionally in comparison to malunions. This discrepancy can be attributed to the difficulties of managing malunited pelvic fractures and the scarcity of specialized centers and surgeons, whereas treatment alternatives of nonunions of the pelvis are more familiar to the average orthopaedic trauma surgeon.
One of the identified causative factors of pelvic nonunion/malunion was the severity of the initial trauma. The high representation of vertical shear pelvic injuries (44.1%) reflects the increased incidence of these complications after grossly unstable pelvic fractures (88.1% were Type C). Motor vehicle accidents were recorded in 51.3% of these cases, falls in 18%, work-related (construction, machineryrelated) in 14.3%, and pathologic fractures in 7%, whereas in the population with general pelvic trauma, the incidences of the above mechanisms reportedly are 60%, 30%, 7%, and 2%, respectively [21] . Malunion/nonunions mostly were associated with malreduction of the pelvic ring, instability of displaced fractures associated with rupture of the stabilizing ligaments, lack of adequate initial stabilization of the pelvic ring, major displacement attributable to muscle pull, or soft tissue interposition between the fracture fragments [16, 51] . The nonoperative approach, use of external fixation as definite treatment, and in general, inadequate initial fracture reduction and stabilization were among the most common predisposing factors for development of these complications [39, 42, 47, 51] . These observations may suggest inadequate availability of pelvic trauma expert services, overestimation of the efficacy of external fixation as a definite fixation system [33, 37] , and variability of acute management nationally and internationally for patients with pelvic trauma [24, 52, 54] .
Uncorrected pelvic deformities after vertically unstable pelvic injuries could lead to leg length discrepancy, gait abnormalities, sitting problems, and low back pain [20, 49] . It is important, however, to ascertain whether the symptoms are related to the pelvic nonunion/deformity rather than to other clinical conditions. Pain from mechanical low back pain, from an old neurologic injury, or dysesthetic pain of neurogenic origin must be excluded [42, 68] .
Patients who survive these life-threatening injuries usually do not want additional corrective surgery unless the symptoms are disabling [42] . Many pelvic deformities are well tolerated by the compensatory mobility of the lumbosacral spine and hips [41, 47] . However, when the symptoms of pelvic instability and deformity are established and overwhelming, the only treatment is surgical reconstruction. Indications for early surgical correction include rotational defects greater than 10°, leg length discrepancy greater than 5 mm, and lack of reduction or imperfect facing of sacroiliac articular surfaces [47] . Multistage reconstruction is the most common surgical treatment for pelvic malunions. The sequence, either anterior-posterior-anterior or posterior-anterior-posterior, is individualized in each case. When the deformity is limited to internal/external rotation or medial/lateral displacement without elements of vertical migration, usually a singlestage anterior approach seems sufficient [19, 39, 42] . Provided the posterior release at the first stage is extensive and includes complete section of the sacrospinal and sacrotuberous ligaments together with simultaneous reduction and fixation performed at the same stage with the patient in the supine position, a two-staged procedure is possible even for the most demanding of malunions [59] . Bilateral deformity correction however can be at times impossible [39, 42] . When osteotomies are necessary, the risk for intraoperative complications is considerably increased [39, 42, 59] . The recently proposed pelvic reduction frame of Matta and Yerasimides [40] suggests advancement of available options of surgical tools for treatment of deformed pelvises. Bone grafting in general is used as a void filler and a biologic stimulus for acceleration of bone healing [62] . In these series, it was used in almost all patients with nonunions and also for fusion of the pubic symphysis or the sacroiliac joints whenever this was necessary to achieve stability and restoration of the pelvic anatomy. The gold standard of autograft was the most common choice (87.6%) [1, 11, 16, 19, 25, 32, 39, 40, 42, 43, 47, 51, 59, 61, 68] , whereas alternative bone substitutes require additional investigation [25] .
Surgical treatment of pelvic malunion and nonunion is technically demanding and has potential serious complications. The average duration of surgery was more than 6 hours and considerable blood loss was recorded. Despite intraoperative SSEP monitoring [19, 42, 68] and standard thromboprophylaxis, neurologic injuries and venous thromboembolism were the most often recorded postoperative complications. The additional risks of vascular and visceral injuries, infections, implant failures, persistent nonunion, incomplete reduction, and residual malalignment dictate the need for careful preoperative planning and treatment of patients with pelvic trauma in specialized centers by expert surgeons. A clear description of the realistic goals and risks of major complications and compliance of the patient with the postoperative rehabilitation scheme are needed. We describe an algorithm of management of pelvic malunions/nonunions based on the existing evidence and the current clinical practice of our department (Fig. 2 ). Based on our findings, despite its indisputable difficulties and risks, corrective surgery achieved nonunion healing rates of 86.1%, pain relief in 92.6%, patient satisfaction in 79.4%, and return to preinjury levels of activity in 55.9%. In the case of nonunions, the resolution or major decrease in existing symptoms after surgical correction can be expected in the majority of cases. Symptoms relating to malalignment, including limb shortening, sitting problems, and some nonneurologic urosexual problems directly related to the pelvic deformity, also can be expected to benefit from surgery [25, 39, 42, 47, 59] .
The concept of analyzing cumulatively nonunions, malunions, and a combination of the two from mixed series [39, 47] , in our opinion, confuses and compromises the reliability of the results. Although nonunions and malunions often require similar treatment (fragment mobilization, débridement/osteotomy, reduction and internal fixation), the intraoperative difficulties and outcomes vary widely. The rationale of Mears and Velyvis [42, 43] of classifying them separately offers a sounder basis for unifying the methodology of future studies to have higher consistency and comparability. Future studies, in addition to adopting this strategy, should incorporate into their analysis health economic parameters, which are currently completely absent from existing studies [22, 30] . The scarcity of these complications, perhaps attributable in part to the gradual improvement of management of acute pelvic trauma, suggests only multicenter prospective/retrospective studies could attain adequate numbers of each type for proper analysis and conclusions and emphasizes the need for establishing national or multinational networks [24, 54] focused on pelvic trauma management and its consequences. 
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Neurologic assessment Thromboprophylaxis Adequate pain relief Radiographs Mode of mobilization Fig. 2 The flowchart illustrates a proposed algorithm of assessment and management of pelvic malunion/nonunions. CT = computed tomography; 3D = threedimensional.
